Summary.-Mononuclear cells from normal rabbit blood were cytotoxic to a number of cell lines in vitro. The cytotoxic cells were contained in the monocyte-enriched fraction adherent to plastic. Supernatants of the monocyte-enriched fraction had the same cytotoxic specificity as the parent cells.
TuMouR-necrosis factor (TNF) is a substance found in the blood of animals with an endotoxic shock induced by injections of Bacillus Calmette Guerin (BCG) and endotoxin at a fortnightly interval. TNF causes necrosis of some transplantable animal tumours in vivo (Carswell et al., 1975) and is cytotoxic to some animal and human tumour-cell lines in vitro (Carswell et al., 1975; Matthews and Watkins, 1978) . Old (1976) has suggested that TNF is produced by macrophages, and that it may contribute to the anti-tumour effects of BCG therapy. The restricted specificity of TNF remains unexplained. It is not specifically cytotoxic to cell lines which are tumourigenic, and although some of the TNF-sensitive cell lines produce C-type viruses, other C-type-virus-producing cell lines are not sensitive (Matthews and Watkins, 1978) .
In studies on "spontaneous" in vitro cytotoxicity against tumour-cell lines by mononuclear cells from rabbit peripheral blood, a similarity in specificity to TNF was noted. In this paper it is reported that the cells responsible for this "spontaneous" cytotoxicity are plastic-adherent cells which release a cytotoxic factor. The specificity and physicochemical properties of this factor have been compared with rabbit TNF.
MATERIALS AND METHODS
TNrF production.-TNF serum was obtained from rabbits given 2 i.v. injections, 2 weeks apart, of BCG (50-250 x 106 organisms) and endotoxin (100 jug). The animals were bled immediately before the endotoxin injection (control serum) and 2 h after the injection (TNF serum). BCG was Glaxo percutaneous and endotoxin was lipopolysaccharide B or W from E. coli 055-B5 (Difco).
Isolation of blood mononuclear cells.-Peripheral blood was collected from the ear vein of healthy unimmunized rabbits (2-2-5 kg) of either sex, into lithium heparin tubes. The blood was layered over half its volume of Hypaque-Ficoll (density 1-077) and centrifuged at 650 g for 20 min at room temperature. The leucocytes (mostly lymphocytes and monocytes with <_2% granulocytes) at the interface were collected, washed x 3 with isotonic phosphate buffered saline, pH 7-2 (PBS) and suspended at the appropriate concentration in Eagle's minimum essential medium containing 20% foetal calf serum (MEM20). (Matthews and Watkins, 1978) . Downward-flow gel filtration in sterile PBS was performed with a 1-5 x 38 cm Ultrogel AcA44 column at a flow rate of 1-9 ml/h, and 1D0 ml fractions were collected.
For polyacrylamide electrophoresis in 7% gel rods (Tombs and Akroyd, 1967 ) a discontinuous buffer system, pH 8-6, was employed (Poulik, 1957 ) with a constant current of 2 mA/tube. After the bromophenol blue marker had just reached the end of the gel, electrophoresis was stopped, gels were removed from their tubes, frozen and chopped into 12 aliquots. The slices were disrupted with forceps, suspended in 1 ml PBS and dialysed overnight against PBS before testing the supernatant. All fractions were sterilized with a 0-2 ,um filter prior to testing.
Phagocytosis.-Monocyte-enriched fractions obtained by plastic adherence were incubated at 37°C with 150 ,ul suspensions (0 25% v/v) of antibody-coated sheep erythrocytes (EA) or aged sheep erythrocytes, or with a suspension (2 x 107/ml) of formolized Candida albicans. EA were made by incubation of 1 % (v/v) E with an equal volume of a 1/100 dilution of Rose-Waaler reagent (Wellcome Reagents).
RESULTS
Previously it was noted that TNF was cytotoxic in vitro to a limited number of cell lines. In studies on "spontaneous" cytotoxicity by mononuclear cells from rabbit blood, a similar limited specificity was noted. Fig. 1 shows the results of an experiment in which blood mononuclear cells from 4 unimmunized rabbits were compared with TNF for cytotoxicity in a 3-day assay against a range of cell lines. Those cell lines most susceptible to TNF were also those most susceptible to "spontaneous" mononuclear-cell cytotoxicity. Furthermore, the L/R sub-line of L cells, selected for resistance to TNF, was only weakly sensitive to mononuclear-cell cytotoxicity. (The Chang and L/R lines are not intrinsically resistant to cytolysis, as both cell lines are highly susceptible to antibody-dependent cell-mediated cytotoxicity.)
The mononuclear-cell preparation comprised mostly lymphocytes with 10-20% monocytes. Granulocyte contamination was usually less than 2 %. To determine the cell type responsible for cytotoxicity, the cells were separated into a plastic-adherent fraction (mostly monocytes) and a nonadherent fraction (mostly small lymphocytes). The bulk of the cytotoxic activity was expressed by the monocyte-enriched, plastic-adherent fraction (Table I) . Depletion of monocytes by adherence to a cotton-wool column also markedly reduced cytotoxicity (Table I) .
To investigate whether "spontaneous" cytotoxicity is due to the release from cells of a TNF-like factor, the supernatants from 3-day cultures of rabbit mononuclear cells were tested for cytotoxicity against L cells (Table II) . Supernatants were cytotoxic to L cells, irrespective of whether the mononuclear-cell culture medium was supplemented with foetal calf or autologous serum. Although some cytotoxicity was detectable at a supernatant dilution of 1/400, TNF serum is at least 10 x more potent. The specificity of the supernatant (Table III) was similar to the parent cells and to TNF (compare Fig. 1 the same blood sample. There was neither an earlier nor increased production of the factor by monocytes phagocytosing aged sheep erythrocytes, antibody-coated erythrocytes or killed Candida albicans.
Over 90% of the cytotoxicity activity of both TNF and the monocyte supernatant was found in the pellet after precipitation in 50% saturated ammonium sulphate solution. On gel filtration using Ultrogel AcA44 (Fig. 2) both TNF and the monocyte factor appeared heterogeneous, with the bulk of the material eluted in the range 30,000-50,000 u. On polyacrylamide electrophoresis, both substances migrated just behind albumin (Fractions 10 and 11) with TNF being eluted from Fractions 8 and 9 and the monocyte factor from Fraction 9 (Table VI) . (1975) noted that supernatants of human or rat macrophage cultures were cytotoxic to some cell lines, and the temporal production of the factors and their molecular weights were similar to those reported here. Thus, TNF or closely related factors appear to be produced normally by macrophages. In animals primed with agents such as BCG, which induce macrophage hyperplasia, endotoxin-induced lysis of macrophages would lead to release of large amounts of TNF into the circulation. It cannot be excluded that the TNF-like factor described here may be released from monocytes by cell damage caused by minute amounts of endotoxin in the culture medium.
There are striking similarities between TNF and rabbit interferon. Both can be produced in vivo, 2 h after challenge with endotoxin. In vitro, interferon and the TNF-like factor are released from mononuclear phagocytes after short incubation periods of 37TC, but not at 4°C, nor on cell disruption (Smith and Wagner, 1967) . In terms of physicochemical properties, there is also a close resemblance between rabbit TNF and interferon. Human and mouse interferons can inhibit the growth of some cell lines (see Gresser, 1977) , whilst human interferon can be cytotoxic (Kuwata et al., 1976) . Like its anti-viral action, the growth-inhibitory effects of interferon seem to be species specific. In contrast, rabbit TNIF is cytotoxic to certain mouse cell lines as well as a rabbit line, and we have also recently observed a growthinhibitory effect on a human melanoma cell line.
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